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further allow planting to be timed with the 5-day weather forecast as 
for local weather optimal for germination. 


to when to actually plant to account 
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The pattern distribution is confirmed as lipid or free-water zones by magnetic resonance imaging 
after nuclear magnetic resonance analyses. Seed radiography is described with application examples by 
Vozzo et al (3, 4, 5, 6, 7, 8, 9, 10 ). 


DISCUSSION 

Water and air are natural radiopaque agents. That is, both are x-ray absorbent and therefore 
provide density on a radiograph. Even though each is requisite for seed germination, they are non-selective 
for viable and non-viable tissue. Additionally, seeds have numerous natural cavities which will accumulate 
both water and air. These are important factors because neither water nor air are then indicators of seed 
viability when imaged alone. Figures 1 and 2 show that significant amounts of water are imbibed by both 
viable and non-viable seeds. Fig. 1 is of Juglans nigra L. (Black Walnut) freshly collected and dry. Fig. 2 
is of the same individuals radiographed after complete imbibition. Note that many walnuts appear full in 
Fig. 2 that do not in Fig. 1. The difference is water uptake. How then can good seeds be separated from 
nonviable seeds? An early false-coloring, density selective radiographic technique was xeroradiography. 
Using selenium activated aluminum, a positive or negative mode gave seeds another image perspective 
(Fig. 3). However, xeroradiography did not separate the nonviable seeds even though it did offer image 
advantages for morphology. False-color densities do separate seeds according to their viability. The 
walnuts in Fig. 4 represent an empty, a viable, and a nonviable image. Images A and D. are of the same 
individual. It is empty seed and will not germinate. However, images B and C appear full in black and 
white radiography and are expected to germinate. Actually, seed B germinated and seed C did not. There 
is a difference in their images after false-coloring (Figs. E and F respectively). Before false-coloring, the 
seeds can not be separated by radiography. Walnut is a practical specimen to illustrate image 
enhancement because it is relatively large and has an easily distinguished anatomy, Le. embryo, cotyledon 
(stored food), and protective layerings. 

Similar imaging for seven other tree seed species gave comparative results, viz false-coloring 
enhanced shades of gray density to separate seed which germinated from those which did not: Corn us 
flenda L. (flowering dogwood), Fraxinus spp L. (ash), Liquidambar stvraciflua L. (sweetgum), 
yriodendron t ulipifera L. (yellow-poplar), Magnolia grandiflora L. (southern magnolia), Pinus elliottii 
Engelm (slash pine), and Pinus taeda L. (loblolly pine). Each is seen as Figs. 5-11. 

As represented in all species, the empty seeds have no red and are almost all green and yellow. 

The full seeds which germinated are predominanty red but may have also small areas of blue, green and 
yellow. Considering that even normal, healthy, viable seeds have tissue of low density, it is not unexpected 
to see the cool colors present. The absence of red in empty and poor seeds indicates a lack of heavier, 
denser tissue, requisite for initiating biochemical processes. Intermediate seeds are also evident as those 
individual within each Fig. 4-11 with an insignificant red present. These seeds may either germinate very 
slowly (as evidenced by germination rate), or not at all. 

Germination trials showed that those individuals selected as being good seed were not only viable 
but vigorous, re. they had an extended primary root emerged from the seedcoat. Their germination rate 
was expressed simply by observing the number of seeds germinated every seventh day from their placement 
inside an incubating germination control box. The germination trial lasted 28 days. 

The walnuts in Fig. 4, for example, show that images B and E represent viability while images C 
and F exhibit insufficient red to germinate. But what is the red representing? 

Using magnetic resonance imaging (MRI) we can superimpose radiographs (conventional and 

W ‘ th MRI film 3nd associate ra diographic density and false-color red with proton presence in 
MRI. The proton presence is a combined imaging of free-water molecules and lipids. We think then, that 
the red false-color densities represent the distribution and percent of free-water and lipids necessary for 
germination. This is a valid biological assumption. 
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These findings have commercial application for separating substances by their inherent densities. 
Any matter with a radiopaque signature could be sorted by selecting an ejection device trigger y a co or 
representing that signature. Theoretically, seeds or other matter could be introduced to a moving .belt 
which passes under a radiographic beam. The beam projects sufficient energy to penetrate the subject and 
excite an image processor. A computer translates the subject’s registered density from the radiographic 
receptor into spectral wavelengths of visible light. Pre-selected ranges of gray levels between 0 and 255 are 
assigned a visible light energy. Signals emitted from the color translators activate an ejection/selection 
gate along the moving belt which then channels each subject into its collector. 

Commercial value is related to grading standards and quality control. A color-sorting system is 
currently available which can be mated to a radiographic survey unit. After determining the applicable 
density-color translations, this technique will sort and grade transparent, translucent, or opaque subjects 
unaffected by radiographic energies. 
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Figure 4 . ilgtens sign seeds. Compare images A and D, B and E, and C and F of individiml semis. 
Only seed B, E germinated. 


Figure 6. Fraxinus spp seeds. Individuals C, I and E, K germinated. 



Fi S ure 7 - Liquidambar styraciflua seeds. Individuals D, I and E, J germinated. 
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Figure 8. Liriodendron tuiipifera seeds. Individual D, H germinated. 



Figure 9. Magnolia gandiflora seeds. Individual C, H germinated. 
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Figure 10. Pinus elliottii seeds. Individual B, F germinated. 



Figure 1 1. Pinus t;ied;i seeds. Individu.'il B, F germinated. 
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